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Health Risk Assessment of Microcystins from Drinking Water Source by Monte

Carlo Simulation Method

WANG Yang'”, XU Ming-fang' ", GENG Meng-meng' , LI Ming', CHEN Geng-nan'

(1. Life Science and Technology College, Jinan University, Guangzhou 510632, China; 2. Research Center of Emergency
Management , Jinan University, Guangzhou 510632, China)

Abstract; To investigate the microcystins(MCs; MC-RR, MC-LR and MC-YR) exposure from drinking water source and to assess the
health risk using Monte Carlo simulation method. 90 samples randomly collected from five sample points set along the river were
determined using the national standard method ( GB/T 20466-2006) during the period of January to June 2016. Professional risk
assessment software @Risk7. 0 was used to evaluate the dietary intake ( exposure) risk of MCs based on building a nonparametric
probabilistic evaluation model. First, 90 samples with the MCs were collected for fitting of distribution and the optimal fitting
distribution model was selected from the results of three statistical test methods: the Chi-Squared test, the Anderson-Darling test and
the Kolmogorov-Smirnov test. Of the 90 water samples tested, the most frequently detectable MCs was MC-RR with the detectable rate
of up to 51. 11% within the content range of 0. 001 7-0.386 3 pg-L ™", followed by 47.78% of MC-LR within the range of 0. 028 5-
0.2796 pg-L™", and 21. 11% of MC-YR within 0.003 0-0. 136 2 pg-L~"'. These results indicated that vast majority of MCs in
testing samples were at relatively low levels with the highest concentration of MC-RR at 0. 386 3 pg:L ™" and MC-YR concentration was
the lowest from drinking water source. The fit distribution of MC-LR concentration was the ExtValueMin (0. 11391, 0. 098 462) and
that of MC-RR was Logistic (0. 058 064, 0. 053 044 ) ( the first number was w as the position parameter, the second number was o as
the scale parameter). The result indicated that health risks of MC-LR from drinking water source were higher than those of MC-RR and
MCs pollution and would lead to high potential health risks especially for children. The health risks caused by the MC-LR from drinking
water source for children were significantly higher than the maximum allowance levels recommended by USEPA (1 x 10 "), and the
health risks caused by the MC-LR from drinking water source for adults were significantly higher than the maximum allowance levels

recommended by ICRP(5 x 10 7). Therefore, it is necessary to strengthen the protection and monitoring of drinking water source for
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effective control of water pollution and protection of human health.

Key words ; microcystins (MCs) ; @Risk7. 0; pollution characteristics; Monte Carlo method; health risk assessment
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Fig. 1 General structure of microcystins
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N TDI {0 # MC-LR ) RfD K 0.04
wg- (kg-d) " {HE T MC-RR 2% B AU S
Al , WA TDL 09 A I, A& 02 Il o fg
U815y BF 5% 7 ¥ ¥ MC-RR 9 RfD ¥ JH 0.2
pg- (kg-d) A

3 F AR IE A A A AR BB HT DL 1 SR,
i HI> 1 X ARA s, BT S TS50 i
FONRTREA GRS 2 HI<<1 Wi fE E R /N, )
BEK R TS H R AR GEA R
1.5 HdEar

PAEASDU R AR R FH 5% ] Palisade 23w 1 A )
T Monte Carlo FAUF AR AY@Risk7. 0%\ XU /T 5K
PEAREE N iatT, FPFASG (8 FH A 45 R S 8506 B A iR
SRR @Risk. OAEAIRRIE M BRECK TR

2 HRESMW

2.1 HPLC X il B a5 2 19 o Ak Il

PLE#R GB/T 20466-2006 HE1£ ) HPLC /304 57
R LR AR YR S A 2 X B A A AT AL S
DN e 25022 A B 5 1 L DI A0 S e s
i} MC-RR (4.2 min) . MC-YR(5. 1 min) . MC-LR
(6.8 min) , Ki AL TE 7 min N HHIESERE 25 54
K 3 iR,
2.2 KU R R R R B KO B o A RRAE
2.2.1 KR B RE R R A A FRAE

AU JH A KRR, SR BRI B A 2 3 Fhiv e
#EHEZ MC-LR, MC-RR Ml MC-YR (4 1). 90 14

HI
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B3 MEESHRRAMAERESREKEN HPLC BiEE
Fig. 3 HPLC chromatogram of MCs standards and water samples
x1 AHPHERSIENRUERSIE
Table 1  Results of analysis of MCs in water samples
; ¥ " MC Bt/ pg- L~
K L T ot 1 e ___MC B g
T FIE
MC-LR 90 43 47.78 0.0285 ~0.279 6 0. 066 8
MC-RR 90 46 51.11 0.0017 ~0.3863 0.074 4
MC-YR 90 19 21.11 0.0030 ~0.1362 0.0105
JKEEH MC-LR #6543 18, # H%k 47. 78 % |, K6l o100 —
. A
FEF 40.0285 ~0.2796 pg-L~", ¥{H H0. 066 8 ~8- MCRR
0.1200

pge L™ s MC-RR K 46 14 Kz R R 51, 11% , kil
JERE M 0.0017 ~0.3863 wg-L~', ¥{l }0.074 4
pege L7 MC-YR K 19 1 K2R R 21, 1% , kil
JEFE N 0~0.1362 wg-L~" ¥ 40.0105 pug-L7".
BRVLVE U A 38 T B i e e 2 R £ 2L LA MC-
RR Fl MC-LR k3, {H 3 Fhi 2 i 35 R A0 K H BR AT
T 1 pe- L' (FREOK PR s 25 5 nifE) .
2.2.2  JKHE R EEEE F N A ) o3 A AR

IR KA ol B i g R TS Y B OB T 5 A
Rl MR B IR S AL C &R I 4 25 A4
SRAEAL UK R B3 R A oA, N a] LU H
4 55 SR S KR T (R R R A SR o
TRV A 3K T A SRR A58 7K AR H TR B A 21 T
3 PR EEE MC-LR . MC-RR Hl MC-YR, % 3 #h
S EER MC-LR M BTt vk B e . He 3 R
FE AL I ) e e R L (B 1 5 45 MC-LR #1I
MC-YR 1) 5 5 V4 B R LA AR
2.2.3 KA R A I A] S A R E

ARUE AR A R T R TS YRR T S R LY
Wb B AT BB A OC R Ah, th 5 R ] A AR T A .
] 5 2K RE T e 7 I (B] o0 A, b el DL
WP R MC-YR A9 3 52 B S 0K At 5 o £

0.1000

L

&n 0.0800

JE ik R pg
(=] (=]
E =

0.0200

PR AL S

B4 TRBRERKBEREFBEESZNRNER
Fig. 4 Concentration of MCs in source water at

different sampling sites

PR, 3 H BARIRAAR, H A 19 F 45 53
MrmT %0, 8 7 2 MC-LR B9 R IR AR b i K,
DR BEAE KR8 T 2 — 2 R, A 4 A
A S TN T S 35 T I A A R B TR
AL AV G A 23 RN, B K AR i e
RFRWEA K, Z 5 MC-RR 1 MC-YR ) i 1
BERLRESE BT, MC-RR 9 L THiE B K F MC-YR.
2.3 KUK R R R B ITAG

N HHZETF Monte Carlo 48187 K ) @Risk7. 048
RIEAG L R, T A R AR R b e e 7 R 1 2
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Fig. 5 Concentration of MCs in source water at different time

Fam PPAh. TR EE R MC-YR ARG SRR,
ASCZAWG B H RS MC-RR Fil MC-LR #E47 XU
VEAS. TPAS A FH 08 £ A S 85008 1 A HE 2R 53 A >R
@Risk7. ORI A PREOK s
2.3.1  REG AR EE B b B

XFFIG ), R AR PR
J. ST AT S R b e Fe AR I B R AG AR A 1) Ve
JE A F TR R R e AR . e
A T A2 (WTO ) #1192 [# PR 53 ( USEPA ) FEi
FO%I I b R 5 ) BIL /246 Y BR ( LOD ) 5 # &b

BRI MC-LR I MC-RR #(7%#% 1/2L0D 1E X
KA BE A B MR BE ( MC-LR, 0. 0005 pg-L~"; MC-
RR,0.002 pg-L7").
2.3.2 KRR R R E W UG
AR @ Risk7. 0845 b 315 B RE A 4T
PUA KR MCs [ 2 v B 5008 TR T AR A5, )
B E T i S 80, LA 5 153 1 0 Al A Logistic
Normal , ExtValueMin, Laplace, Expon Z£. #RJ5 )
SRR Rk Y Ry Wi L ) Q[ DSl I B o1V e W ERRRRE 1Y)
BCEERT B J7 75 25 3 i Ch-Sq( Chi-Squared )
fi % . K-S ( Kolmogorov-Smirnov ) £ % Fl A-D
( Anderson-Darling) K 56>, Z5 & % JEFE Fh B9 I
ZEIR(INFE 2) B2 MC-RR 75 Y50 e AR AR 40
BRIEAE Logistic( Xﬂ&%{) FI Expon ( ;J:E‘ﬁ) A,
MC-LR (75 YL B ¥ i A= ME R W& o i KA
ExtValueMin . Triang fll Logistic 4375 , $4-& J5 45 43
MBS EGRARIES BT O SR WK 3.
BRGNS K PEAK AR MC-RR o 4% P e A 400
B3 AN Logistic (u 0. 058 064, o 0. 053 044 ) (fn[E
6 FiR, Hrh u A E S, o RRESE) ,MC-LR
It W B A IS R B A 4 i 8 ExtValueMin
(0.11391, 0.098 462) , LI 7.

F2 KEKEKHR MCs IS HREXSH

Table 2  Fitting distribution and related parameters of MCs in source water

A B WA RS
S = N A % %‘ % E %‘ % & Ja‘
WRER e il B frrn S D Chise 50% EE1H 90% Bi5MH  95% B iE{l
MC-RR Logistic 0.058 06 0.096 21 1 1 1 0.058 06 0.174 61 0.214 25
Expon 0.073 80 0.074 12 2 3 3 0.051 05 0.170 35 0.22173
ExtValueMin 0.057 08 0.12628 1 3 4 0.077 82 0.196 3 0.22194
MC-LR Logistic 0.055 64 0.086 89 2 1 5 0.055 64 0.160 90 0.196 69
Triang 0.11228 0.077 98 8 — 1 0.098 90 0.160 90 0.258 85
6 #17 Hii Ak bR R MC-RR 2 MC-LR 195 SO oon A e
RBE TR 31X, A DX IR F K FE S 4L 2L T ik o
HEI TR LA A I 3R, B 9 7 X IR N (1 A A ik . sl
VRS EL A5, DN A bR SR A0 5 DA ZH R AS 20 4 5 iR 351 (200200 v
IR BOh A AR ER . IR IR FEDE 19 §”‘
25
A AR B AT LA W b 0 8% S L5 4% ﬁm_
2.3.3 HEBEEITH 15}
i FH@Risk 7. 0% A4, FEALMOK IR Hh i 3 i 5 R 10 -
(AR - A A BCEUEL T AN [R) AR o ok ﬁ‘
0.6 0.4 0.2 oM o2 0.4 0.6 0.8

AR REBETE R MC-LR 1 MC-RR 9 H R 75 &, 5
UL FR TG PR 10 000 1K, GE 11 BT A 1y B 481 235 21
RA4PR, RAMILENAZZE RN AR EES
(ANIFD) , 76 4 1 P85, P90 Fl P95 fRF4 AMEM oy 22
FE A, T 2 % b T A G ROk R R R EAN

AR AR A MC-RR £ ik e e gL
E6 KiRKhMERSERMC-RR RS
RERE EHBES T
Fig. 6 Probability distribution graph after fitting

of MC-RR in source water
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Table 3 Estimated value of the quantile for overall sample in different theoretical distribution
o : R
S Ve /ﬁ"fl ey fﬂﬁl R
VIC-RR D Logistic 43 1fi 0.06 —
Expon 434 0.05 —
Ealivei'e ExtValueMin 43 #i 0.08 —
MC-LR ND Logistic 53 4fi 0.06 —
Triang 531 0.10 —
MC-RR 0.12 Logistic 43 4fi 0.12 0
Expon il 0.10 16.67
P75 ExtValueMin 434 0.15 15.38
MC-LR 0.13 Logistic 73 Afi 0.16 20
Triang il 0.17 23.53
MC-RR 0.2 Logistic 73 1fi 0.17 22.73
Expon 4Mfi 0.17 22.73
P90 ExtValueMin 43-4fi 0.20 0
MC-LR 0.20 Logistic 43 4fi 0.16 20
Triang 5} 0.23 15
MC-RR 0.30 Logistic 23 4i 0.21 30
Expon axiil 0.22 26.67
P95 ExtValueMin 4347 0.22 4.35
MC-LR 0.23 Logistic 53 4fi 0.20 13.04
Triang 43 0.26 13.04
MC-RR 0.36 Logistic 43 4fi 0.28 22.22
Expon il 0.26 27.78
P97.5 ExtValueMin 434 0.26 7.14
MC-LR 0.28 Logistic 73 Afi 0.27 3.57
Triang paxiiil 0.28 0
F4 BIRKEEBANHMCHBEERE
Table 4  Percentile of the average daily intake of MCs by means of drinking water
HR&FEE(CDI) /pg- (kg-d) !
Ti H MC-RR MC-LR
LN JLEE A L
FIME 0. 001 658 464 0. 003 627 89 0.001 630711 0. 003 567 18
P50 0.001 658 5 0. 003 6279 0.0022228 0. 004 862 3
P85 0.004 287 4 0. 009 378 6 0. 005 055 4 0.011 0587
P90 0. 004 988 1 0.0109115 0. 005 600 3 0.0122507
P95 0.006 119 4 0.013 386 1 0. 006 340 7 0.0138702

MCs, JLEE ) MCs H 258 &5 TP Z X &Y
JLE LN TE ) 52 31 MCs 15 419 5
2.4 KR MCs 14 KU 348

XU i (risk characterization ) & 7£ f& L5 |

P I 02 F VAN A RE A L, E B OE PR
(LA P BE A9 AN 5 1 ) 7840 25 1F T SR AR
A AN RS2 4 AT BRI R E

2.4.1 JKUFKMH MCs B0 XS A

K HH 2% 58 2 B0 BORE WS 3528 20, R
@ Risk7. O XUz 43 BT B, BEHLMOK A& T MCs AR B
i A BB T R R 8 o AR ROK R A
A MC-RR Fl MC-LR BYZUE K. BBl R

P10 000K , Bt B 45 R an5k 5. MC-RR BUR4E
AU ZINT MC-LR B0 AE KU, K A 22 LA MC-
LR WfEE R E. S BRI FE I B B0

DRSS $5 K AT 42 52 7K SF- Fl AT 2006 7K SF- 1 2% 6, 7K il K
A MCs IYBUE RS EI7E 10 7° ~ 107 lAFIL
H ) MC-RR S0 KU ¥ {5 F USEPA (1 x 10 ) I
ICRP(5 x 10 =) fge Kl 232 WU /K F-, JL3E MCs 2
AR AR & TN i B AR T JLE MC-LR
(R BSOREAE XU B (K T 107, #8311 USEPA 1%
pNGIE: S N PO N DN OE R T N 58§ N
ICRP(5 x 10 7)) 1 fie K 0] #2252 U 7K -, B B K
TR B MC-LR X Jli A F L2 04 £t Bt 25 1Y)
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5.0% 50.0% 5.0% g A
5.0% =0.179  [90.0% .22 5.00 N A N
| T —— -: 2.4.2 KK M AR SO R
35 ExtValueMin (0.113 91, 0.098 442 K H 282 S HOm AR 808 XS +5 80 (HI) 131 5&
ST 3, FH @Risk7. 0 KU 23 87 08, B AL 7K 35 K
. BT AR B 2 3R 0 R B 40 Al BB B S TR
200 T 5 B 3 OK IR #2 B MC-RR I MC-LR 9 X
3T . AL FREER 10 000 7K, Ge TR 4E %,
T 27 Fos. MIHESE AT AN R 8 O TR oK iR
o AN MCs =E S0 RS 18 500 408, LA &
%9 08 06 04 -02 0 M 02 04 FREEACE T, B P90 | P95 (AR S0 RS 5 235 /N F
i X b Wi BEfue L) . Mo o A N -,
N 1, I AT e kK i HE AR MCs O i
ES b o - A = S N S
T e R Fl I /N, T A48 A MC-RR A -AE S0 U 5
. e . B MC-LR B9 dE B K K 58 R B AR
ig. 7 Probability distribution graph after fitting . R . ‘ L
of MC-LR in source water T _‘/I\ﬁ%g& ’ lﬂ‘EﬁMC_LR E/‘Jxﬂ‘kwﬁmﬂgjﬁ;% 1=
RS RKEET MCs WEESEENKE
Table 5  Carcinogenic exposure risk of MCs by means of drinking water
B AR
Ti H MC-RR MC-LR
A JL#E A JL#
SFEME —0. 142 853 008 -123 676 95. 67 2. 169E-05 4.719 27E-05
P50 1. 157E-06 2.53E-06 2. 968E-05 6. 484E-05
P85 7. 021E-06 1. 535E-05 6. 739E-05 1.47E-04
Po0 1. 02E-05 2.23E-05 7.463E-05 1. 627E-04
P95 1. 946 E-05 4.253E-05 8. 445E-05 1. 84E-04
F6 EAHMERFERABEE R R KT EZKFEFRRZ#EKE
Table 6 Maximal acceptable level and negligible level recommended by different institutions
S NCIE 573 ] 2 -
Bt R KT R K it
S FE MR E (USEPA) 1x107* — 5
| AR GT 5 97 %% 51 2% (ICRP) 5x107° — et
PeE KMo 1x107° 1x10°7 —
i IR E 1x10°° 1x10°% R2ET5 Y
T QLB PR 1x107° — R2ET5 Y
7T BOKEET MCs MERERENRE
Table 7 Non-carcinogenic exposure risk of MCs by means of drinking water
AR X A5 % (HI)
e MC-RR MC-LR
A JL#E LN JL#E
SFEME 0. 008 292 32 0.018 139 451 0. 040 767 767 0.089 179 491
P50 0.008 292 4 0.018 1396 0. 055569 1 0.1215575
P85 0.0214368 0.046 893 1 0.126 3854 0.276 468 2
P90 0.024 940 7 0.054 55717 0. 140 007 8 0. 306 267
P95 0.030 596 8 0. 066 930 5 0.158 5169 0.346 7558
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B 38 %

T MC-RR. MC-RR F1 MC-LR % JL 2 () 3E 3o +5 5%
KT, FTLL MCs % L2 i 153 ek,

3 itie

B4 RS AN RS o B AR 2 PR A
PR, KU PAR B3 A8 | JUHAE 2 88 PP G T
TR PIAS L BR P — 7 T 5230 45 R 1 SMIE S A
B, B8040 DS 35 20 40 4 30— e A DA B — i
NHRESMEER R E AR (CBBUBTE) |, T2 PR b A7 7E st
& AR RG] IR (AE TR ) SRR S BN
NEAEAS S 5 I — T T HUHE Bk 2% BUR) BR P 3 B
BN, B EAAE LR NOVEL,, B E R/ 1L
F5 | BRI BRAEAE 22 5% DL BB ek A 3 LAR:
K R FEATC B A JEAL T A0y 5 vk ok b BN R
R XURS: B A v /Y A B R, an Rk o R 5 i
(benchmark dose, BMD) F14k 27955 55 M 8 3 R 8
J71 ( chemical specific adjustment factor, CSAF) 45,
K EPAEFE AN E R DA ZE LK BMD % F
CSAF & Tl fee e 1 (7

4 it

(1) XA PR AR HEAT SR AE 4G 43 B, MC-LR 1
K th R 47.78% , % IS Bl 0. 028 5 ~ 0.279 6
pege L™ s MC-RR 4 H %K 51, 11% , A0 15 Bl oy
0.0017 ~ 0.3863 ug-L~'; MC-YR 4 # tH F Ny
21. 11% KSR 0 ~0. 136 2 pg-L~" 5 KK IA
iy 3 Fp i e #E R UL MC-RR N £, MC-YR Y 5
R AR

(2) KA @Risk7. 043 A & 45 5 i , MC-
LR Jit i ¥ & B 3l 19 B & 40 1 8 ExtValueMin
(0.11391, 0.098 462) , MC-RR 14 J5 & He J3F fe i 1
A 4341 K Logistic (0. 058 064, 0. 053 044).

(3) f B RURS T 45 SR 3 B, MC-LR X A {4 feE
JE 163 14 XU /85 T MC-RR A9 XU, JL 38 b g
5 F2Z 5| MCs 15 9L 1) @il 76 = 2R 85 2 F MC-
LR % ) L2 {5 A5 3 1Y SO 4 KUK BB R 1. 47 x
107" ~ 1. 84 x 10 ™", K F & [ 3 {4 B (USEPA) #fE
TER e K] 232 KU 7K F 1 x 10 74 ; MC-LR X A
1 B0 2 TR AR B BB 6. 739 x 10 77 ~ 8. 445 x
10 7, KT Brfm 5 B 4712 51 25 (ICRP) #fE 77 19
KA 32 KUK 7K F 5 x 1075 MCs 4 35 B0 XU
FEBUE H0. 008 3 ~0. 346 8 {1, P K Pk
PRy MCs X B it 5 7™ A= 1) S0 XU B 7 LA
HAL.
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